Introduction
The present work relates to the problem of high-quality potable water supply using a pulsed electric discharge for the removal of iron colloid substances from natural water. The term «iron colloid» refers to substances consisting of iron hydroxide (III) with organosilicon complexes associated by electrostatic interaction. These substances are formed in water during oxidation [1] , which results in lower efficiency of water treatment process [2] . Colloids of iron compounds are found in natural waters of Germany [3] , Finland [4] , Russia [5] , USA [6] , etc. In Russia, where boggy areas occupy approximately a half of the country and iron ions are present in almost all water sources, the problem of colloid substances removal is of particular importance.
Iron colloid substances can be removed from natural water using several treatment technologies [7, 8] . However, most of these technologies are not efficient requiring excessive amounts of chemical reagents and expensive filtration systems. Therefore, an efficient and simple method of iron colloid substances removal is needed to solve the problem. Currently, many research groups study the processes of iron colloid substances removal from aqueous solutions [9, 10] . Advanced oxidation technologies have been extensively used to remove iron from potable water. One of the most perspective advanced oxidation methods is based on the use of pulsed electric discharges [11, 12] . The aim of the present work is to investigate the influence of pulsed discharge treatment on the stability of iron colloid substances.
Materials and methods
Model aqueous solutions of iron and silicon salts were used in our experiments. Analytical-grade reagents FeSO 4 ·7H 2 O, Na 2 SiO 3 ·9H 2 O and distilled water were used to prepare the solutions [13] . Natural organic matter was obtained from the Institute of Peat (Tomsk, Russia). The total concentration of organic substances was determined using Vario TOC cube total organic carbon (TOC) analyzer (Germany). All model solutions were prepared at room temperature. GFL 3005 shaker (Germany) with a shaking frequency 100 rounds / min was used for mixing.
The concentrations of iron and silicon in the solution were determined photocolorimetrically using KFK-3 colorimeter (Russia). The pH value was measured using WTW Multiline P4 multifunctional device (WTW GmbH, Germany).
The experimental setup for water treatment is shown in Figure 1 . Model aqueous solutions were placed into the storage tank, mixed for 30 minutes and recirculated through the electric discharge reactor. In the experiments we used pulsed corona electric discharge (PCD) described elsewhere [14] . Voltage pulses were supplied to the electrodes from a pulse generator with the output energy of 0.3 J and variable pulse repetition rate. The voltage amplitude was 18 kV and the duration of voltage pulses was 300 ns. The volume of the model solution was 50 L, the solution flow rate through the system was 15 L/min. Before taking samples, the solution was circulated in the system with electric discharge turned off for three minutes for better mixing. 
Results and Discussion
Model iron colloid solutions were treated with PCD for 40 minutes at 100, 400 and 840 pps. After the PCD treatment, the treated solutions were stored for 24 hours to precipitate colloid substances. Collected samples were filtered through a membrane with the pore size of 1200 nm. Total organic carbon (TOC) concentration was analyzed after filtration. Figure 2 shows the impact of settling time on TOC and iron concentrations in model iron colloid solutions at different pulse repetition rates (100, 400 and 800 pps). a b Fig. 2 . Dependence of TOC (a) and iron (b) on the settling time at impulse frequency: 1 -100 pps, 2 -400 pps, 3 -800 pps.
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As it can be seen from Fig. 2 , the ferric iron concentration decreases with the increase of the pulse repetition rate. The iron colloid system is destabilized due to the decrease of pH. As it was shown earlier [15] , the stability of iron colloid substances depends on pH value.
It was found that at the pulse repetition rate of 100 pps pH of the solution after PCD treatment was 7.0. Increasing the pulse repetition rate up to 800 pps resulted in the decrease of pH from 7.5 to 3.5. This can be explained by the generation of active species in the discharge: oxidation of natural organic matter by strong oxidants results in the formation of carboxylic acids. The discharge in air also leads to molecular nitrogen decomposition generating nitrogen oxides (NO, NO 2 ). Further dissolution of NO X in the aqueous phase leads to the accumulation of nitrite and nitrate ions forming nitrous and nitric acids in water. These acids dissociate to form hydrogen ions and acid residues reducing the solution pH.
Formation of active species in the discharge channels proceeds according to the following reactions (1-5):
The effect of PCD treatment on humic-type organic substances has been studied. Figure 3 shows dependence of the organic substances concentration in aqueous solutions on settling time at the pulse repetition rates of 100, 400 and 800 pps. The results were obtained when no iron and silicon were added, therefore no colloid substances were present in the solutions. Fig. 3 . Dependence of TOC on the settling time at various pulse repetition rates: 1 -100 pps, 2 -400 pps, 3 -800 pps.
As it is seen from Fig. 3 , the increase in pulse repetition rate from 100 to 800 pps, results in higher removal rate of organic substances. Comparison of the results with those obtained for model solutions containing colloid iron shows that the concentration of organic substances in the solution with no iron and silicon compounds decreases faster than in colloid solutions. When the pulse repetition rate reaches 800 pps, the concentration of organic substances in the solution with no iron and silicon decreases to about 1.0 mg/L. On the other hand, treatment of colloid solutions with the same pulse repetition rate reduces the humic substances concentration only to 3.5 mg/L after sixty minutes of settling. The observed phenomenon can be explained by the presence of organic substances bound with silicon compounds. The impact of pulsed electric discharge on the resulting organic matter is definitely more complex than in the case of organic substances alone, and requires further investigations.
Conclusions
The application of pulsed corona discharge to the treatment of natural organic (humic) substances is most effective when the treated solution does not contain iron and silicon ions. The residual concentration of organic substances in aqueous solutions after PCD treatment depends on the pulse repetitions rate. The greatest reduction in organic substances concentration is observed at the highest pulse repetition rate of 800 pps in both solutions. Pulsed electric discharge can be used for the removal of humic substances from aqueous solutions containing iron and silicon ions if a subsequent settling stage is applied.
